Bauhinia belongs to the Caesalpinaceae, a plant family that comprises approximately 250 species.
Plant phenolics form a large group of natural compounds, ubiquitous in the plant kingdom. It is known that these secondary metabolites display a remarkable array of biochemical interactions, probably due to antioxidant properties. 9) These substances may act as potent metal chelators and/or free radical scavengers, 10) however, it has been reported that the performance of these compounds in oxidative systems depends on activity-structure relationships. 11, 12) As an unfortunate consequence of aerobic life, free radicals and other reactive oxygen species (ROS) are formed by biological redox reactions. 13) The role of free radicals reactions in biology and medicine has become an area of intense interest due to their relationship to chronic diseases. 13) It is generally accepted that free radicals play an important role in the development of tissue damage and pathological events in living organisms. 13) Lipids containing polyunsaturated fatty acids can be oxidized by free radical-mediated reactions. In addition, when oxygen is supplied in excess or their reduction is insufficient, this generates endogenous ROS imbalance with formation of hydroxyl ( · OH) and superoxide (O 2 · Ϫ ) radicals. 13) In inflammation and endothelial damage, NO plays a major role as precursor of peroxynitrite (ONOO Ϫ ). 14) If the endogenous response system, such as antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT), is inadequate in scavenging ROS, damage to important macromolecules can be established and generate cellular oxidative stress. 13) In addition, the non-enzymatic antioxidants (such as vitamin C, vitamin E and phenolic compounds found in a vegetable-rich diet) play a significant role in the physiological redox balance together with enzymatic defenses. 13) Considering the increasing interest in antioxidants, the potential antioxidant effects of phenolic compounds and the utilizations of B. microstachya, this study aims at investigating the phytochemical profile of aqueous and hydro-ethanolic extracts from B. microstachya leaves associated with their performance against free radical production in different in vitro systems. (UFRGS) . B. microstachya leaves were air-dried at 35Ϯ2°C and then reduced to powder. To prepare B. microstachya aqueous extract (AEBM), dried leaves powder was boiled with water (15% w/v) for 10 min. After cooling, the extract was filtered, lyophilized and frozen (Ϫ20°C). B. microstachya hydro-ethanolic extract (HEBM) was obtained by macerating dried leaves powder in ethanol 40% (15% w/v) at room temperature and in darkness. After eight days the material was filtered, ethanol having been eliminated under reduced pressure, and then it was stored at Ϫ20°C.
Antioxidant Activities and Free Radical Scavenging Potential of Bauhinia microstachya (RADDI) MACBR. (Caesalpinaceae) Extracts Linked to Their Polyphenol Content
Total Phenolic Content The total phenolic content was determined in both AEBM and HEBM by an adapted colorimetric assay 15) in which tannic acid was used as standard. Stock solutions of both extracts were prepared immediately before use. Twenty-five millgrams of dry extract and 5 ml of solvent (distilled water or EtOH 40%) were sonicated for 40 s (4ϫ10Љ) at potency 4 (Sonicator XL 2020 Heat Systems Inc., Farmingdale, NY, U.S.A.), and filtered through 0.45 mm-pore cellulose-nitrate membrane. One 0.5 ml-sample of each extract was completed with water up to 8.5 ml. Then, 0.5 ml of Folin reagent (1 N) and 1 ml of Na 2 CO 3 saturated solution were added and the solution was homogenized to determine total phenolic contents. Absorbance was read 10 min later at 725 nm with spectrophotometer (Beckman DU-640, wavelength accuracy Ϯ0.5 nm, Beckman Instruments, Inc., Fullerton, CA, U.S.A.) and the total phenolic content was expressed as tannic acid equivalents (TAE mg/mg extract). Chromatographic Conditions The chromatography separation was carried out using a mobile phase, with methanol as solvent A and water as solvent B, at a flow rate of 0.6 ml/min. The mobile phase was prepared daily and degassed by sonication before use. The gradient program was as follows: 0-30% A (30 min), 30-40% A (45 min), 40-50% A (50 min), 50-60% A (60 min), 60-70% A (65 min), 0-30% A (70 min). The peaks were detected at 270 and 356 nm. The chromatographic separation was achieved at room temperature (22Ϯ2°C). Extracts were dissolved in the mobile phase for HPLC analysis (200 mg/ml). Standard solutions of authentic reference compounds pyrogallol, gallic acid, rutin and (ϩ)-catechin were prepared using MeOH as solvent. The injected volume was 5 ml for each assay.
HPLC Profile. LC Apparatus
Chemiluminescence Methods. Total Radical-Trapping Antioxidant Parameter (TRAP) An adapted method of TRAP assay was used to determine the capacity of extracts to trap a flow of water-soluble peroxyl radical produced at constant rate, through thermal decomposition of AAPH. 16) Briefly, the reaction mixture containing 4 ml of the free radical source (AAPH 10 mM) in glycine buffer (0.1 M) pH 8.6, 10 ml of the test samples (AEBM or HEBM at different concentrations) and 10 ml luminol (4 mM) as external probe to monitoring radical production were incubated at 25°C. Trolox (water-soluble vitamin E analogue), rutin, ascorbic acid, ellagic acid, and tannic acid were used as reference peroxyl radical scavenger molecules (positive control); negative control was the only extracts vehicle (water or EtOH 40%). The chemiluminescence produced was directly proportional to the radical generation and measured in out of coincidence mode (Wallac 1409 DSA Liquid Scintillation Counter, Wallac Oy, Turku, Finland) as counts per minute (CPM). The antioxidant potential of the samples was expressed in IC 50 .
Trolox Equivalent Antioxidant Capacity (TEAC) An alternative approach to TRAP assay is the TEAC assay in which the kinetics quality of samples against a source of peroxyl radical may be observed using luminol as external probe.
16) The addition of 10 ml of trolox (200 nM) as standard antioxidant or different concentrations of extracts to 4 ml of the free radical source (AAPH 10 mM) in glycine buffer (0.1 M) pH 8.6, decreases the chemiluminescence proportionally to its antioxidant potential at 25°C. After the addition of the AEBM, HEBM or trolox the chemiluminescence emission was monitored for 80 min in out of coincidence mode in a liquid scintillation counter to check the decline of free radical source and the consume of samples antioxidant potential. The TEAC was defined as the concentration of Trolox with equivalent antioxidant potential to a 10 mg/ml of the tested samples (C sample ). The antioxidant capacity of extracts was expressed as Trolox equivalents (TEAC) by the equation
where "TEAC" is the antioxidant capacity of sample, C Trolox is Trolox concentration, T Trolox is the lag time of the AAPH kinetic curve in the presence of Trolox, C sample is sample concentration and T sample is the lag time of the AAPH kinetic curve in the presence of sample. TBARS Assay TBARS (thiobarbituric acid reactive species) assay was employed for quantify lipid peroxidation 17) and an adapted TBARS method was used to measure the antioxidant capacity of extracts using egg yolk homogenate as lipid rich substrate. Briefly, egg yolk was homogenized (1% w/v) in 20 mM phosphate buffer (pH 7.4), 1 ml of homogenate was sonicated (10 s in potency 4) and then homogenized with 0.1 ml of extracts or positive controls in different concentrations prepared immediately before use. Lipid peroxidation was induced by addition of 0.1 ml of AAPH solution (0.12 M). Trolox, rutin, ascorbic acid, ellagic acid, and tannic acid were used as reference antioxidant molecules, (positive control); negative control was only extracts vehicle (water or EtOH 40%). Reactions were carried out for 30 min at 37°C. After cooling, samples (0.5 ml) were centrifuged with 0.5 ml of trichloroacetic acid (15%) at 1200ϫg for 10 min. An aliquot of 0.5 ml from supernatant was mixed with 0.5 ml TBA (0.67%) and heated at 95°C for 30 min. After cooling, samples absorbance was measure using a spectrophotometer at 532 nm. The results were expressed as IC 50 .
Scavenging Activity of Nitric Oxide (NO) Nitric oxide was generated from spontaneous decomposition of sodium nitroprusside in 20 mM phosphate buffer (pH 7.4). Once generated NO interacts with oxygen to produce nitrite ions, which were measured by the Griess reaction.
18) The reaction mixture (1 ml) containing 10 mM sodium nitroprusside in phosphate buffer and AEBM, HEBM or reference compounds at different concentrations were incubated at 37°C for 1 h. A 0.5 ml aliquot was taken and homogenized with 0.5 ml Griess reagent. The absorbance of chromophore was measured at 540 nm. Trolox, rutin, ascorbic acid, ellagic acid, and tannic acid were used as positive controls. Percent inhibition of nitric oxide generated was measured by comparing the absorbance values of negative controls (only 10 mM sodium nitroprusside and vehicle) and assays preparations. Results were expressed as IC 50 .
Hydroxyl Scavenging Activity The formation of · OH (hydroxyl radical) from Fenton reaction was quantified using 2-deoxyribose oxidative degradation. The principle of the assay is the quantification of the 2-deoxyribose degradation product, malondialdehyde, by its condensation with 2-thiobarbituric acid (TBA). 19) Briefly, typical reactions were started by the addition of Fe 2ϩ (6 mM final concentration) to solutions containing 5 mM 2-deoxyribose, 100 mM H 2 O 2 and 20 mM phosphate buffer (pH 7.2). As antioxidant standards, we used trolox, rutin, ascorbic acid, ellagic acid, and tannic acid. To measure AEBM and HEBM antioxidant activity against hydroxyl radical, different concentrations of extracts were added to the system before Fe 2ϩ addition. Reactions were carried out for 15 min at room temperature and were stopped by the addition of 4% phosphoric acid (v/v) followed by 1% TBA (w/v, in 50 mM NaOH). Solutions were boiled for 15 min at 95°C, then cooled at room temperature. The absorbance was measured at 532 nm and results were expressed as IC 50 .
Superoxide Radical Scavenging Activity. Enzymatic Assay Antiradical activity was determined spectrophotometrically by monitoring the effect of tested substances on the reduction of NBT to the blue chromogen formazan by O 2 · Ϫ Superoxide radicals were generated by xanthine/xanthine oxidase system (X/XOD) as described previously. 20) Briefly, 50 ml of AEBM, HEBM or isolated compounds (tannic and ellagic acids) were mixed with 200 ml mixture of 0.4 mM xanthine and 0.24 mM NBT in 0.1 M NaH 2 PO 4 buffer (pH 7.8) containing 0.1 mM EDTA. A total of 50 ml of XOD (0.10 U/ml), dissolved in the same phosphate buffer, was added, and the resulting mixture was incubated at 37°C for 20 min. The reaction was terminated by adding 35 ml of 6% SDS solution, and the absorbance was measured at 560 nm. The superoxide scavenging activity was calculated as percentage of NBT reduction to the formazan salt. X/XOD system was considered as 100% of superoxide production. Native SOD (50 U/ml) was used to assess assay specificity to superoxide anion.
Effect on XOD Activity The effect of AEBM and HEBM on XOD activity was evaluated by measuring the formation of uric acid from xanthine at room temperature. A total of 300 ml of XOD (0.35 U/ml) in a NaH 2 PO 4 buffer (0.1 M, pH 7.8) was mixed with 100 ml of the tested samples. The reaction was started by the addition of 100 ml of xanthine (1 mM) in the phosphate buffer, and the absorbance was monitored at 295 nm for 2 min.
Nonenzymatic Assay Superoxide anion scavenger activity was evaluated by measuring the rate of inhibition of superoxide-mediated adrenaline auto-oxidation to adenochrome as described previously. 21 ) Fifty microliters of the tested fraction was mixed with 200 ml of 50 mM glycine buffer (pH 10.2) and 10 ml of native catalase 100 U/ml. Superoxide generation was initiated by addition of 2 mM adrenaline (50 ml) and adrenochrome formation was monitored at 480 nm for 5 min at 25°C. Superoxide production was calculated from variation coefficient of curves and eϭ44.0 mM Ϫ1 cm Ϫ1 for adenochrome. Statistical Analysis The results were expressed as mean and S.E.M. All tests were performed in quadruplicate. ANOVA followed by the Tukey test was employed to detect differences between the groups. p<0.05 is considered significant. Statistical calculation was performed using SPSS 8.0 software (SPSS Inc., Chicago, IL, U.S.A.).
RESULTS

Total Phenolic Content
Both extraction methods of B. microstachya leaves are usual approaches for rich phenolics derivatives. The determination of total phenolic content in AEBM and HEBM showed that 2.52% dry weight of AEBM and 3.48% dry weight of HEBM are phenolic compounds. HEBM presented 27.43% higher content of phenolics when compared to AEBM (Fig. 1) .
Chromatographic Profile The phytochemical analyses were performed using RP-HPLC and the results are shown in Figs. 2, 3, 4 , 5, and 6. The peaks were detected at 270 and 356 nm. The analytical parameters were selected after testing a number of solvents systems and adsorbents. The HPLC separation of the phenolic compounds was tested with authentic standards of four phenolic compounds: pyrogallol, gallic acid, rutin and (ϩ)-catechin (Fig. 2) . The best resolution, with sharp and symmetrical peaks, was achieved with a Symmetry ® C-18 column and a linear gradient elution profile, as follows: 0-30% A (30 min), 30-40% A (45 min), 40-50% A (50 min), 50-60% A (60 min), 60-70% A (65 min), 0-30% A (70 min) where AϭMeOH and BϭH 2 O.
In chromatograms monitored at 270 nm it was possible to detect differences in qualitative HPLC profile between AEBM and HEBM from 22 until 35 min (Figs. 3, 4) , in which the main point (t R ϭ28.2 min in HEBM) present the same gallic acid chromophore (Fig. 4) . As major component, both extracts showed a substance with the same retention time and chromophore of gallic acid (t R ϭ7.9 min) (Figs. 2, 3,  4) . Additionally, a substance with retention time and UV spectra similar to catechin (t R ϭ21 min) was present in both extracts (Figs. 2, 3, 4) , while pyrogallol and rutin were not detected by HPLC-PDA analysis. Other two major substances were present, in HEBM (t R ϭ28.2 min) and AEBM (t R ϭ33.9 min) respectively, but their retention times (t R ) and HPLC-PDA analyses were different from those of the reference substances used.
The peaks detected in 356 nm suggest that AEBM presented more substances when compared with HEBM (Figs.  5, 6 ). However, from retention time 34 min until 50 min it was possible to detect a similar qualitative profile between AEBM and HEBM (Figs. 5, 6 ). In AEBM and HEBM it was possible to observe the presence of one major substance (t R ϭ41.2 min) but their retention time (t R ) and HPLC-PDA analyses were different from of the reference substances used. Concerning analyses at 356 nm, the HPLC profile and retention time of substances showed that AEBM has some higher polar compounds when compared to HEBM.
Total Radical-Trapping Antioxidant Parameter (TRAP) HEBM and AEBM showed antioxidant capacity in TRAP assay likewise reference peroxyl radical scavenger molecules used as positive control (Table 1) . HEBM antioxidant potential was 1.19 times higher than AEBM. However, when the antioxidant parameter was corrected according to phenolic content present in the extracts, the result was altered; AEBM was 1.15 times higher when compared to HEBM (Table 2) .
Trolox Equivalent Antioxidant Capacity (TEAC) Both extracts of B. microstachya leaves were comparable to Trolox in TEAC assay. Ten micrograms of HEBM or AEBM represent 327.75 and 236.8 mM of Trolox respectively (Fig. 7) . Although HEBM was 1.38 times more equivalent to Trolox than AEBM, the result profile was similar to the result profile found in the total phenolic content (Fig. 1) .
TBARS Assay Table 1 shows the antioxidant capacity of AEBM, HEBM and reference compounds in a lipoperoxidative system. All samples prevented lipid peroxidation in different concentrations, although the capacity of AEBM and HEBM was very different. HEBM presents 50% of lipid peroxidation with 11% of the AEBM concentration required to produced the same effect, IC 50 ϭ0.25 and 2.37 mg/ml, respectively. When taking into account the phenolic content in the (Table 2) . HEBM presents 50% of lipid peroxidation with 1.5% of phenolics in AEBM required to produce the same effect, IC 50 ϭ0.00087 and 0.059 mg of phenolics present in extracts, respectively.
Scavenging Activity of the Nitric Oxide The results of the inhibitory effect of AEBM and HEBM on nitric oxide production are shown in Table 1 . The HEBM ability to attenuate nitric oxide production was 2.86 times more effective than AEBM (Table 2) . Nevertheless, when these values were normalized to phenolic content, this difference was reduced to 2.07 times ( Table 2) .
Hydroxyl Scavenging Activity Hydroxyl radicals were formed in solution and were detected by their ability to degrade 2-deoxyribose into fragments that formed a pink chromogen upon heating with TBA. When AEBM or HEBM were added to the reaction mixture, they removed hydroxyl radicals and prevented sugar degradation (Table 1) . HEBM was 40% more effective (IC 50 ϭ0.066 mg/ml) in scavenging hydroxyl radical than AEBM (IC 50 ϭ0.109 mg/ml). Nevertheless, when results were normalized by phenolics concentration in extracts, the scavenging activity against hydroxyl radical was reduced to 16.36% (Table 2) .
Superoxide Radical Scavenging Activity Figure 8 shows the antioxidant capacity of AEBM, HEBM and reference compounds against superoxide. In enzymatic assay (Fig. 8A) all samples can avoid superoxide production in different concentrations, although the capacity of and HEBM was different. The IC 50 of AEBM was 30.1 mg/ml and the IC 50 of HEBM was 92.2 mg/ml. However, AEBM not interfered in enzymatic formation of superoxide while HEBM prevented X/XOD superoxide formation by inhibiting XOD activity directly (Fig. 8B) . Both extracts were similar in nonenzymatic assay of superoxide formation where the IC 50 of AEBM was 92.2 mg/ml and the IC 50 of HEBM was 84.6 mg/ml (Fig. 8C ). The Table 2 shows the IC 50 of AEBM and HEBM with the values corrected to total phenolic compounds present in extracts.
DISCUSSION
Our work suggests that AEBM and HEBM have potent antioxidant activity and that the antioxidant capacity of extracts varies according to the system-generating reactive species. In general, HEBM was more effective than AEBM in avoiding ROS-generating damage. Nevertheless, when results were normalized to total phenolic content, a different profile of antioxidant potential of extracts was observed.
It is well known that the performance of a complex mixture such as a plant extract in different antioxidant systems is related to the type of radical generated and to the polarity of the substrate system, and therefore, hard to determine. It is recognized that the Folin-Ciocalteu method makes not distinction between the various phenolic constituents present in the extracts and that the response of these substances in the antioxidant assays is associated with their molecular structure. 11, 12) We used total phenolic content to estimate the contribution of these substances in extracts to the performance of AEBM and HEBM in different antioxidant assays. The total phenolic content of HEBM was higher than AEBM and HPLC analysis corroborates this data. In addition, the result of total phenolic content demonstrates a profile similar to the result of the TEAC assay. We observed that HEBM was more effective than AEBM in antioxidant assays (TRAP, TBARS, NO and · OH). However, when we considered the phenolic content present in the samples, these results was altered. An interesting observation was the change in TRAP assay results: an inversion in antioxidant activity was found when normalizing the dry weight to phenolic content. The antioxidant potential of these phenolic compounds is widely reported in the literature. In particular, it has been shown that these natural compounds show scavenging activity against superoxide anion radical (O 2 · Ϫ ). AEBM and HEBM also showed antioxidant potential against superoxide radical in enzymatic and nonenzymatic generation systems. AEBM was more effective than HEBM when we used the enzymatic generation system, once HEBM interfered in XOD activity. Considering phenolic content the superoxide scavenger activity of AEBM was 4.21 times higher than HEBM. However, the antioxidant potential of extracts was similar when the nonenzymatic generation system was used. On the other hand, in the TBARS assay, the same consideration demonstrated a significant increase in antioxidant activity of HEBM when compared to AEBM from 9.48 to 67.81 folds. In the hydroxyl and nitric oxide assay, the normalization to phenolic content did not cause any change. The coefficients calculated for extracts when considering their total phenolic content indicate that the effect of these compounds are synergistic, and therefore the effect of minor constituents may be important such as the system radical-generator and the interaction with different substrates. There are some studies showing that the total phenolic content of an extract could be positively correlated to the antioxidant potential [22] [23] [24] [25] ; on the other hand, a recent report did not find significant correlations between the total phenolic content and antioxidant activity. 26) The results found in this study are in agreement with both observations and suggest that antioxidant activity and phenolic content correlations are dependent on the radical generation system.
The HPLC protocol described a gradient elution that was very favorable, since the results were easily reproduced. Additionally, the comparison of the retention times of the peaks in the chromatogram and the UV spectra of the associated components with poliphenolic standards confirmed the presence of a catechin-like substance and gallic acid-like substances that are acknowledged as potent antioxidants. 27) However, it is need to identify the compounds from AEBM and HEBM by using specific analyzers. Chromatographic profile suggests that there are few qualitative differences between extracts; however, these few differences were especially important in the lipoperoxidation and superoxide radical tests. HPLC results also showed that AEBM contains higher polar compounds when compared with HEBM and this characteristic could be related to superior performance of HEBM in the TBARS assay since less polar substances present better interactions with lipid-rich substrate. At the same time AEBM was superior to HEBM in the superoxide radical assay possibly by more polar profile. Further studies using appropriate equipments with radical trapping agents are needed to unravel exactly the molecular mechanisms for underlie the various antioxidant actions of AEBM and HEBM. Plants are source of antioxidant agents and epidemiologic evidence supports the concept that a diet rich in fruit, vegetables and natural beverages promote health, retard, attenuate and treat chronic diseases or pathological states. [28] [29] [30] In southern Brazil, B. microstachya is cultivated in small areas by family agriculture, where is used in primary health care, particularly concerning diabetes. Oxidative stress such as lipid peroxidation and protein oxidation has been shown increased in both insulin-dependent diabetes (IDDM), and non-insulin dependent (NIDDM). [31] [32] [33] When oxygen free radicals are involved in pathological conditions antioxidants could be effective in attenuating their severity, and employing plant preparations rich in phenolic compounds would be a significant alternative. These findings indicate that some of the phytochemicals present in B. microstachya leaves may contribute in a significant way to the intake of antioxidants and make these low-cost beverages very interesting from a nutritional point of view jointly with other phenolic-rich extracts. 34, 35) When considering HEBM, the presence of phenolics in B. microstachya leaves confers them a high activity against lipid damage, likewise AEBM against superoxide radical, suggesting the correct use of the preparation by the common people, and makes this low-cost beverage comparable to many foods of well-known antioxidant properties. [34] [35] [36] According to the World Health Organization, traditional experience with the respective preparation-including long-term use as well as medical history and ethnological background-should, as common practice, be taken into account when conducting phytochemical research. 37) Concluding, the data presented herein indicate that the B. microstachya leaf extracts have in vitro antioxidant activity and should be considered as a new sources of natural antioxidants jointly with other phenolicrich plants. Further studies are needed to examine the potential use of these extracts in the prevention or treatment of pathologies where oxidative stress seems to play an important role.
